History does not relate whether Leonardo was referring in the above quote to experiments with only physical objects. Given his intricate studies of anatomy, his experimental subject matter may well have included the human body. But it is unlikely that he had behavioural experiments in mind. Leonardo died 360 years before the establishment of the first experimental psychology laboratory, which is usually credited to Wilhelm Wundt in 1879. Nevertheless, whether we consider physical, biological or behavioural science, what unites experimentalists is embodied in the quote. To see the need for experimentation, you have to understand something of what you don't know. You have to live with uncertainty about your own judgement; you have to doubt, and to doubt openly.
This observation is one reason why the recent breakthrough of behavioural science into policymaking is remarkable. Doubt can be difficult territory for many policymakers, by which we mean not only government ministers and parliaments, but senior civil servants and officials in state agencies, all of whom help to decide and implement policy. Openly admitting to uncertainty about whether a policy intervention is good or bad can, if not carefully phrased, seem to signal lack of expertise or competence. Changes in policy often have to be 'driven through', requiring persuasion, support, and the conversion of practitioners to the cause. Openly stating that one does not know the best policy is an admission of weakness, albeit one that wiser heads know to be almost always true of everyone. People like strong leaders; we like certainty. So the increased application to public policy of behavioural science, which relies strongly on experimentation, is remarkable.
Behavioural scientists themselves did not see it coming. Just over 10 years ago a group of prominent psychologists and behavioural economists lamented the lack of influence of behavioural science on policy, despite its clear relevance for diagnosing policy problems and understanding citizens' responses to policy interventions (Amir et al., 2005) . But since the publication of Nudge (Thaler and Sunstein, 2008) and the establishment by the UK government in 2010 of the Behavioural Insights Team (BIT), the use of behavioural science in the development of public policy has spread rapidly. Such has been the success of behavioural science that Executive Order 13707, 'Using Behavioural Science Insights to Better Serve the American People', was signed by President Obama in September 2015, directing the Federal Government to develop its policies and programmes using empirical findings from behavioural science research. The spread of behavioural science to public policy has largely occurred not through the application of scientifically grounded theories of behaviour to policy problems, although this has happened, but through the integration of experimental evidence into the policy development process (Sunstein, 2011; Lunn, 2014) . This is telling, because it only makes sense to conduct experiments if the outcome is uncertain. Experiments are a reasoned response to doubt.
This is not to say that the application of behavioural science to policy always involves such open investigation. The Joint Research Centre at the European Commission has published a useful classification of behavioural policy initiatives (Sousa Lourenço et al., 2016) , which groups them into three categories. 'Behaviourally aligned' policies are those that were not developed with any input from behavioural science but turned out nevertheless to be aligned with behavioural evidence. An example would be where a regulator has put time and effort into simplifying a compliance process, in the belief that increased convenience may have a disproportionate effect on compliance, despite penalties for non-compliance. In general terms, behavioural research in multiple domains shows that simplification and convenience can have such disproportionate effects (Sunstein, 2013) . Hence the policy, although not based on behavioural research findings, is nevertheless aligned with them. 'Behaviourally informed' policies are those that are designed at least in part on the basis of behavioural evidence.
For instance, the 2014 EU Consumer Rights Directive banned the use of pre-ticked boxes that default online consumers into purchasing additional products (e.g. insurance, deluxe features, gift wrapping) unless they untick the box. This policy was directly informed by evidence that default settings have a powerful influence on choices in multiple domains, much of which was experimental evidence (e.g. McKenzie et al., 2006) . However, no experimental study was undertaken to test the likely impact of the ban before it was introduced. 'Behaviourally tested' policies constitute the final category of behavioural policy initiative and refer to instances where an explicit behavioural test of the policy itself has been undertaken. Policies can be experimentally tested after implementation as part of a process of evaluation, or they can be experimentally pre-tested prior to being rolled out. This last category of experimental pre-tests is the focus of this paper.
At one level the argument for pre-testing is straightforward and obvious. The history of public policy development is littered with expensive mistakes, which for understandable reasons often receive more public attention than expensive success stories. In principle, pre-testing has the capacity to reduce the likelihood of expensive mistakes, thereby contributing to the efficient use of public spending and resources. Perhaps it makes sense always to ask if measures to be introduced in government budgets, and at other times, can potentially be pre-tested. If the policymakers responsible for a proposed initiative are open to the possibility that it doesn't work, and if it can be relatively cheaply and quickly pre-tested in an experiment, it would seem to make sense to do so. Why not announce the intention to pre-test the potential intervention, with a view to funding it fully if the test proves successful, rather than announce the funding and cross the fingers?
How good is this argument? What is the scope for using experiments to pre-test policy interventions? This is the main question addressed here. The paper sets the scene by considering the different sorts of policies that might be pre-tested. Then, we document the use of experimental pre-tests internationally, in the context of the rapidly expanding application of behavioural science to policy. We consider specific and, we hope, instructive examples where either laboratory or field experiments, including randomised controlled trials (RCTs), 1 have been deployed to pre-test policy interventions. This is not intended to be an exhaustive review, which would be beyond the scope of the present paper. The aim is instead to highlight what is possible and give insight into how multiple methods can be used to undertake experimental pre-tests. We then consider how the growing application of behavioural science to policy is leading to an increase in pre-testing also in Ireland. We highlight some recent advances in the study of decision-making processes that may also be of use to policymakers. The final section pulls together the material and, based on experience thus far, looks to draw some conclusions regarding the potential for experimental pre-testing and relevant lessons concerning how best to conduct pre-tests.
SOME ECONOMIC CONSIDERATIONS
Before describing specific examples, we outline a framework within which studies to date might be considered in the context of government budgets and administration. It makes sense to assume that resources available for experimentation are finite. Although behavioural approaches to policy are 1 An RCT works by randomly allocating participants either to a group receiving the intervention under investigation (the 'treatment' group) or to group that receives no intervention (the 'control' group). The logic of an RCT is that randomisation minimises selection bias, allowing researchers to determine the effects of the intervention compared with no intervention while all other factors are held constant.
increasingly taught in universities and as part of continued professional development, there is a limited supply of trained researchers and technical staff. Ideally, therefore, these resources would be directed where they can be most effective from a cost-benefit perspective. This requires consideration of issues beyond the success or otherwise of a specific pre-test.
Proof of concept
Many of the early behavioural interventions undertaken by BIT involved experimental trials of interventions designed to improve the efficiency of service delivery or to increase rates of regulatory compliance. In some cases, the return to the UK Exchequer from testing simple and cheap changes to communications, such as deploying text reminders or behaviourally informed messages in letters, was large in comparison to the associated costs. For instance, the scaling up of experimentally tested changes to communications regarding tax was estimated to have increased revenue in one tax year by over £200 million. In Ireland, Revenue has undertaken similar trials of behavioural interventions, which are discussed further in Section 4.1. Where pre-testing of interventions improves the efficiency of the system that raises taxes, the benefit for the public finances is directly measurable and, it seems, quite substantial.
Most of the early interventions trialled by BIT took place at the policy coalface, where local public bodies communicate directly with citizens. Among many others, these included testing alternative text messages to increase payment of court fines, testing messages given to hospital outpatients to reduce missed appointments, testing webpages to increase sign-up to the organ donor register, and testing friendlier communications to increase the numbers of black and ethnic minority candidates to the police force. In these and other cases, researchers recorded statistically significant improvements in policy outcomes. Such initiatives have the potential to generate incremental or even substantial improvements in targeted policy outcomes, through relatively cheap and simple interventions.
BIT has published its own manual for how to go about applying behavioural science in this way (Haynes et al., 2012) , advocating the systematic and iterative use of RCTs. Where an RCT in a local area or sector suggests that an intervention works well and there are good reasons to believe that the result will generalise beyond the specific context of the trial, it can be rolled out on a wider scale, in the expectation that the effect can be scaled up.
Generalisability and scaling up
A first issue that needs to be considered is whether the measured effect can indeed simply be scaled up. The strength of the experimental approach lies in its ability to separate out one hypothesised effect from other factors that have been controlled for. While this can demonstrate whether an effect is present and often identify the mechanism behind it, there is no guarantee that it will operate in the same way when scaled up to policy level where other factors are present. Banerjee et al. (2017) identify six challenges that can impact on the success of scaling up an intervention from proof of concept to policy. These are: (1) market equilibrium effects; (2) spillover effects; (3) political reactions; (4) context dependence; (5) randomisation or site-selection bias; and (6) piloting bias/implementation challenges.
The first two of these involve the potential for interactions between individuals targeted by the intervention and those left alone. A straightforward example of a market equilibrium effect is a job placement assistant programme for individuals that increased the likelihood of obtaining employment for those in the treatment group but reduced it for those in the control group. As there were a limited number of vacancies, the intervention changed only which individuals were in employment, not the total number (Crepon et al., 2013) . Spillover effects refer to more direct interaction via contamination. For example, Duflo and Saez (2003) recorded higher retirement savings among individuals who were exposed to an intervention but equally large effects among those who were not, but who worked in close proximity to those who were. In this case the spillover was positive; it can be negative. The third challenge is the simpler observation that successful pre-tests do not ensure lack of resistance from interested parties when scaled up, which can alter the format of the intervention to an extent that also alters the intended effect.
The other three challenges surround the validity of making the inference that whatever effect has been observed in the experimental study will operate as strongly when the policy is widespread. This challenge is perhaps more obvious when looking at the results of a laboratory study, but it applies to field studies including RCTs too. While many argue that RCTs are the best method for policy evaluation (Haynes et al., 2012; van Bavel et al., 2013) , there are important methodological arguments regarding when RCTs can and cannot be generalised beyond the particular context in which they take place (Deaton, 2010; Cartwright and Hardie, 2012) and when RCTs of specific policy interventions are and are not the best method for providing evidence for policy (Ludwig et al., 2011; Lunn and Ní Choisdealbha, 2018) . The final three challenges listed capture most of these arguments. Even a well-designed and successful RCT demonstrates only that an intervention works in the specific geographic location of the trial, with the trial sample, at the time the trial took place, when the policy is implemented by the people who implemented it in the trial. There may be good reasons to suppose it will work beyond this context, but there is no guarantee that the results will extend to different settings when scaled up. The effect could be context-dependent.
For instance, if experiments are tested on a homogeneous group of individuals then the same effect may not work for a more heterogeneous population. Sometimes the location of trials is not random, or randomisation into treatment and control groups is imperfect, biasing results. Lastly, scale-up can be affected not
only by the intervention being tested but by challenges in the implementation. This is a particular problem if the trial was conducted by people keen on the policy; implementation may be less successful when demanded of officials who are less keen.
Generally, however, the effect can go either way, as two examples from development studies illustrate. Trials in Kenya found that a primary school intervention was successful at reducing class sizes when implemented by parentteacher associations, but unsuccessful when implemented by the government (Bold et al., 2015) . By contrast, a programme in Indonesia that distributed identity cards to allow collection of rice subsidies managed to reach only 30% of targeted participants when trialled but got close to 100% when the programme was scaled up, meaning that it turned out to be more successful than the trial had implied (Banerjee et al., 2018) .
Consideration of such challenges is important when scaling up from pre-tests to policy, but they are not insurmountable and, arguably, tacking them makes the experimental process stronger. Market equilibrium effects can be factored into either the design or the analysis stage depending on the topic. Spillover effects can be explicitly measured by varying the level of exposure of different groups. Political reactions are sometimes unforeseen, but working alongside policymakers and consulting stakeholders while designing a pre-test helps to ensure that views are taken into account, that what is being tested is feasible, and that there is widespread agreement that the study constitutes a fair test.
The size of context dependence effects varies with the topic at hand, but implies benefits to pre-testing policy in the culture in which it is going to be implemented, or conducting tests in more than one location. Site-selection biases and implementation challenges can also be factored in to pre-tests. There are experimental techniques that can account for individual differences in the population, meaning that, with larger sample sizes, moderators of the effect can be accounted for. This underlines the importance of carrying out tests on samples of the general population rather than student samples. Finally, implementation challenges illustrate again the importance of the policymaker-researcher relationship at all stages of experimental design. Pre-tests are designed to specifically inform one policy and, as such, implementation difficulties should be taken into consideration in the design stages. The ongoing relationship and conversation between researchers and policymakers during the scale-up can also help to attenuate unintended effects caused by changes during implementation.
The aim of a pre-test is to scale up the relevant intervention, and thus the above factors are important to consider from the earliest stages of the design. They also highlight the benefits, where possible, of engaging in an iterative process of experimentation when pre-testing policy, with stages of testing and re-testing to fine-tune and bolster the effects of a policy before attempting to scale it up. Where multiple methods in the behavioural toolbox can be applied to the main research questions, pre-testing is likely to be stronger and more persuasive.
Opportunity cost
Notwithstanding issues associated with scaling policies up, the successes of BIT and others have stimulated international interest in the application of behavioural science to policy. Early pre-tests were largely motivated by the desire to provide 'proof of concept', to show that the application of behavioural science and the experimental method directly to policy problems can work -indeed often does. Armed with this knowledge, it is not unreasonable to ask whether the policy problems and associated interventions being selected for pre-testing are the right ones to target, given limited resources of expertise. Typically, success or failure is evaluated by comparing the cost of the intervention to the benefit of the policy outcome, first measured in a pre-test at a local level, then estimated for the scaledup policy. Before considering more examples, however, there are at least two other economic considerations that one might want to take into account.
The first and most straightforward one is opportunity cost. If research resources are being directed to one specific policy problem, then those same resources are not being directed to another. As described above, most early behavioural pretests of policy interventions have taken place at the administrative coalface and have involved the experimental manipulation of communications to citizens. The goal is to improve the efficiency of the communications and the cost of failure is not high. There are, potentially, many other applications of behavioural science to policy decisions where the cost of failure might be very high and so the argument for pre-testing should be proportionally stronger. For instance, in areas such as financial regulation, employment law, environmental regulation and public health, policies that are intended to produce changes in behaviour, or perhaps to constrain certain behaviours, are frequently manifested in primary legislation, statutory instruments or national regulations. In such cases, the cost of an intervention not working may be great.
Rules designed to have beneficial effects on behaviour routinely impose substantial economy-wide costs on businesses, such as requirements to disclose product information, to comply with certain human resources practices, or to undertake data protection measures. In addition to the costs imposed on the object of the regulation, the time and effort of the public servants and organisations involved in the development of the legislation and rules can amount to a hefty public cost, as can the time and effort taken to reform or refine an ineffective policy subsequently. These considerations of cost are important when considering the scope for applying pre-tests and making good use of the limited resources available for designing and undertaking experiments to inform policy. While experimentally pre-testing routine administrative communications is beneficial, the greater prize may be to be deploy the same method and resources to pre-test more central and far-reaching government decisions, to try to avoid costly failures. Of course, in an ideal world, a pre-test will confirm that the policy in question produces the desired behavioural effect sufficiently to justify the cost.
Spillovers
The second consideration, over and above the direct costs and benefits of a specific intervention, is more subtle. The power of the experimental method derives from its ability to identify causal effects. Where outcomes are compared under two conditions that differ by a single factor, we can be confident that any difference observed is due to that single factor. This means that experiments are a good way to identify reliable behavioural mechanisms.
Most behaviours that policymakers might seek to influence involve explicit decisions: whether to take on more debt, which mode of transport to take, whether to drink alcohol knowing that you need to drive home, whether to take exercise, and so on. Such decisions have common individual factors, such as tolerance for risk and uncertainty, or preferences for outcomes now versus outcomes in the future. They also vary in the extent to which they share contextual cues, such as to what extent many others visibly engage in the same behaviour, or exposure to official advice. Because decisions and contexts have these commonalities, results from one domain of behaviour can be instructive for results in another. Consequently, the value of an applied experiment often extends beyond the immediate policy context, spilling over into other domains and potentially informing policy elsewhere. The influence over decisions of default options offers an instructive example. Experiments designed to test the influence of default options on pension participation (Madrian and Shea, 2001 ) and organ donation (Johnson and Goldstein, 2003) have had effects on multiple other policy areas (Sunstein, 2013) .
Overall, therefore, it is important when considering the costs and benefits of pretesting a potential policy not to consider costs and benefits too narrowly. Efficient use of pre-tests does not depend only on measuring the cost of implementation of a given policy against an experimental measure of the effect size it produces. Consideration needs to be given to whether larger decisions involving greater potential costs might be tested instead, as well as to the potential benefits of an experiment for other policy domains.
INTERNATIONAL EXAMPLES OF EXPERIMENTAL PRE-TESTS

Overview of international applications of behavioural science
As the application of behavioural science to policy has spread internationally, it has become increasingly difficult to document in a comprehensive fashion. Perhaps the most complete analysis is contained in a recent report from the Organisation for Economic Co-operation and Development (OECD, 2017a) on the use of 'behavioural insights', which was produced through direct contact with relevant governmental and regulatory bodies. The report presents findings from a survey of over 23 countries, with 60 institutions involved in 159 case studies of applying behavioural science to policy decisions. The majority of the institutions were central governmental departments, or regulatory and tax authorities. In the 129 case studies for which detailed information was available, most were in the policy area of consumer financial regulation, although a large number of other policy areas were represented including health and safety, labour markets, energy, public service delivery, environment, tax, education, telecommunications and consumer policy more broadly.
The OECD's report contains data on the scientific methods typically employed, a breakdown of which is provided in Figure 1 . Across the case studies, the most commonly deployed method was an RCT, which made up 25% of the represented methods, followed by literature reviews (or similar forms of knowledge diffusion), pilot tests and laboratory experiments. However, an important point made by the OECD bears repeating, which is that there is no methodological 'one size fits all' -the method chosen for behavioural studies should match the particular policy problem at hand (OECD, 2017a). The need to be more careful in matching the research question to the method also underpins a recent analysis that questions whether laboratory experiments are being under-used relative to RCTs and other field trials (Lunn and Ní Choisdealbha, 2018) . The issue depends on the trade-off between the downside of studying behaviour in an artificial setting and the upside of the increased experimental control, flexibility and replicability that accompany laboratory investigation. Below we give examples of deploying both kinds of methods to pre-test policy. The OECD also gathered data on when behavioural insights are being used in the policy cycle. Using three sequential stages of policy decision-makingresearch/diagnosis, design of decisions/interventions, implementations -the survey found that behavioural insights seem to be used primarily at the third rather than at the first or second stages of policymaking. While this is perhaps understandable given the success of the approach in tailoring communication to improve the implementation of policies, it does show that the use of behavioural science to pre-test the design of policy accounts for a fairly small minority of instances. As the OECD notes, there is the potential to use behavioural science both at the beginning of the policy cycle to design policy and at the end to monitor and adapt it (Figure 2 ).
FIGURE 2 WHERE BEHAVIOURAL INSIGHTS ARE BEING USED IN THE POLICY CYCLE INTERNATIONALLY
Source: OECD (2017a).
Despite the fact that they represent a minority of applications, pre-tests of policy via behavioural experiments are becoming more common. We turn now to illustrative examples.
Pre-testing using a field trial
The roll-out of energy smart meters in the UK provides an example of how a field trial can provide a pre-test of policy. Smart meters track real-time energy usage and automatically send readings to energy suppliers. The UK government committed to rolling them out across the country as standard by the end of 2020. Smart meters offer the promise of reducing energy usage, giving consumers control over their usage levels, and supporting time-of-use tariffs that can help to spread the demand for electricity more evenly throughout the day. In this context, the Energy Demand Research Project was set up in 2006 as a means of understanding how consumers react to information about their energy consumption. Although initially the trials were not specifically designed to inform the smart meter policy, which was announced later, there was a significant focus on smart meters in the trials that were conducted and thus the findings have been communicated as a pre-test of the smart meter policy (AECOM, 2011; OECD, 2017a) .
Following a call for tenders, four energy suppliers tested a series of interventions either individually or in combination. These included: energy efficiency advice, providing historic energy consumption information, benchmarking the household's consumption against comparable households, engaging customers using targets for reduced consumption, smart electricity and gas meters, real-time display devices showing energy use, control of heating and water with a real-time display, and financial incentives to reduce or shift consumption away from peak periods. The trials found that the most effective interventions combined smart meters with the installation of real-time information displays. All but two of the interventions that did not use smart meters showed no demonstrable reduction in energy usage. The two that showed a small effect (energy savings of approximately 1 per cent) were real-time displays and benchmarking against comparable households. Interventions using smart meters showed marked reductions in energy usage. The finding of particular importance for the smart metering policy is that coupling smart meter interventions with real-time displays led to energy savings that were 2-4 per cent greater than with smart meters alone (AECOM, 2011; OECD, 2017 ).
An important aspect of this pre-test was that it provided evidence about what did not work as well as evidence about what did. With reference to the argument of the previous section in relation to opportunity costs and avoiding costly mistakes, pre-tests like this are a way to avoid interventions that are well motivated and appear to be sensible, but impose widespread costs on businesses and turn out to be ineffective in altering outcomes. Some related, although somewhat different, findings have arisen from field trials of smart meters in Ireland, which tested more specific effects of feedback on energy consumption (Carroll et al., 2014) .
Such studies are good examples of the potential benefits of pre-testing and the matching of research questions to methods. The roll-out of smart meters is a policy that will ultimately affect all households. Residential energy usage is a major contributor to climate change, and the extent of behaviour change associated with the installation of smart meters is hence an important policy outcome. In this case, where the behaviour of interest represents the culmination of multiple decisions taken on a daily basis within the household, the use of field trials to investigate the impact is appropriate. However, other aspects of the roll-out of smart meters, such as the tariffs households choose, may be more suited to pre-testing by other means (see Section 4.2).
Pre-testing in the laboratory
The Joint Research Centre at the European Commission undertook laboratory pretests of regulatory measures designed to protect online gamblers. Behavioural evidence suggests that gamblers are often prey to time-inconsistent decisionmaking, whereby they set an initial limit on the amount of money they are willing to gamble in a session, but increase that amount in response to encountering losses. The study tested a series of potential regulatory interventions designed to counteract this tendency, comparing warnings and other messages delivered prior to a gambling session with those delivered within a session. The study was conducted both in a laboratory setting and online. Participants engaged in online gambling tasks for real money, using virtual roulette wheels and slot machines. The results clearly showed that interventions delivered prior to a session were far less effective than those delivered during a session, especially where these were combined with self-commitment strategies to stick to an expenditure limit.
As well as illustrating how a well-designed laboratory study can be used to pre-test policy, this study is a useful example of the benefits of pre-testing for a number of reasons. Firstly, it again showed the ineffectiveness of some potential interventions that policymakers might reasonably have expected to work. By pretesting many alternative messages and warnings and finding most of them to be ineffective, good evidence was supplied to avert potentially costly regulatory policies. Secondly, it is a case study of a problem routinely encountered by regulators, namely that the firms they are trying to regulate often have far better data on the behaviour of the individuals regulators seek to protect. The study helped to correct that imbalance. Lastly, as data were collected in multiple experiments on different, realistically designed platforms, the evidence supplied could be regarded as fairly strong.
Pre-tests with multiple methods
This last example brings us to another aspect of pre-testing that is worth illustrating. Where possible, the deployment of multiple methods can strengthen the evidence generated. When multiple methods are applied to the same research question, this is referred to as 'triangulation' of methods. Increasingly, behavioural scientists look to apply multiple approaches that use traditional data analysis to supplement the experimental method, or multiple experimental methods.
An example of pre-testing via multiple methods was undertaken by the UK telecommunications regulator, Ofcom, in relation to encouraging consumer switching. The first of two studies investigated the impact of automatically renewable contracts (ARCs) on consumer switching behaviour (OECD, 2017a). The second compared consumer behaviour when presented with gaining provider led (GPL) switching processes (where the consumer only contacts the new provider when they want to switch) compared to losing provider led (LPL) switching processes (where the consumer makes up to three contacts during switching and can be given a counter-offer by the losing provider) (Huck and Wallace, 2010) .
ARCs, contracts that are automatically renewed after the minimum contract period, were introduced by the provider BT in 2008. Concerned about the effect on switching behaviour, Ofcom carried out an initial econometric data analysis of the frequency of switching of BT customers on rollover contracts compared to comparable customers on standard contracts. They found that customers on ARCs switched significantly less than those on standard contracts. This analysis was a key part in informing the decision to prohibit ARCs (OECD, 2017a). The second study investigated whether GPL processes led to more switching behaviour than LPL processes. The study used laboratory tasks designed to mimic the telecommunications market, including different levels of demand, minimum term contracts with penalties for early departure and search costs for switching. The findings suggested the GPLs were better for consumers and resulted in better switching behaviour, but only if verification was first provided. The benefit of GPLs disappeared when GPL processes were carried out without verification (referred to as 'slamming') from the consumer. Furthermore, early termination charge warnings were not found to be helpful in either GPL or LPL processes.
There are two factors to note. The first is the different methodologies used to pretest policy decisions, with the first study using traditional econometric analyses of behavioural outcomes and the second using a laboratory experiment. The second is that the behavioural studies can pre-test the efficacy not only of the policy itself but also of the factors that may drive its success or failure, such as the inclusion of additional information (e.g. real-time displays for smart meters) or the exclusion of other behaviours (e.g. loss of benefits for GPLs when slamming is a part of the process).
These three case studies are just examples of some of the ways that field trials, laboratory experiments and mixed-method studies have been used to pre-test policies. Other examples for which there is not space to include in full include the Behavioural Insights Team RCT field trials to measure the efficacy of back-to-work schemes run by the Department for Work and Pensions in the UK (Haynes et al., 2012) , laboratory experiments run by the Financial Conduct Authority on regulation around disclosure of information for pensions (OECD, 2017a) , and European Commission mixed-methods research on environmental car labels (Codagnone et al., 2013) . Nevertheless, the trials that pre-test policy are a minority in the wide breadth of behavioural science research for policy, most of which has to date focused on informing policy but stopped short of pre-testing it.
PROGRESS IN IRELAND
While the USA and, particularly, the UK have led the charge in applying behavioural science to policy, Ireland is among a group of countries not far behind. Dedicated teams of researchers applying behavioural science to policy problems now operate within Revenue, the ESRI and the Sustainable Energy Authority of Ireland (SEAI). Within the university sector, a new behavioural science group at the UCD Geary Institute for Public Policy has a strong applied focus, while individual behavioural scientists conduct some research for policy in most of Ireland's universities. The Irish Government Economic and Evaluation Service (IGEES) is also developing capability in the application of behavioural economics. The Irish Behavioural Science and Policy Network acts as a forum where members of these teams interact with multiple policymakers, academics and interested people from the private sector. With all this activity, the potential benefits of pre-testing policy interventions are becoming better known within the civil and broader public service and a substantial number of relevant studies have been conducted.
Revenue
Revenue was the first state body in Ireland to implement RCTs to test the application of behavioural research. It has been conducting trials of communications within the Irish tax administration for the past seven years. Overwhelmingly, these trials have involved the manipulation of written communication. Twenty RCTs are summarised in Kennedy et al. (2017) , which conducted a meta-analysis. The behavioural levers tested broadly fell into four categories: (i) making a deterrent salient; (ii) simplifying information or making key information more salient; (iii) communicating a social norm (e.g. stating in the communication that the majority of the target group files tax returns on time); (iv) personalising the message (including a handwritten component, using individuals' names, etc.). Figure 3 summarises the results of this meta-analysis by plotting the mean effect size measured across the RCTs by type of behavioural intervention, expressed as the percentage-point difference in the main outcome variable (treatment group minus control group), with the sample size on the horizontal axis. This analysis suggests that, on average, highlighting a deterrent was the most successful behavioural lever. However, these averages mask some differences between individual studies. For instance, one of the personalisation manipulations involved affixing hand-written 'post-it' notes to letters sent to small and medium enterprises encouraging them to complete and return a survey. This generated a particularly large effect size, almost doubling initial response rates.
FIGURE 3 META-ANALYSIS OF 20 RCTS CONDUCTED BY REVENUE, DISTINGUISHING FOUR TYPES OF BEHAVIOURAL INTERVENTION, OR 'INSIGHT'
Source: Revenue (Kennedy et al., 2017) .
Although the measures trialled in these studies reflect relatively small administrative changes rather than pre-tests of substantial policy interventions, the strategy of conducting multiple trials is of wider benefit, as it permits useful inferences to be made about the likely effectiveness of these behavioural levers in other domains. Three of the four levers were generally effective, but it is notable that the communication of social norms was not. This stands in contrast to international results (Coleman, 2007; Behavioural Insights Team, 2012) . Although more research is required on this, it is possible that people in Ireland are less receptive to the idea of compliance with social norms, with implications for the design of interventions in other domains.
The ESRI's Behavioural Research Unit
Some pre-testing of more substantial policy changes (as opposed to changes in administrative practice) is now being undertaken in Ireland. The Behavioural Research Unit (BRU) at the ESRI recently conducted a laboratory pre-test of new regulations on price transparency in the residential energy market (Lunn and Bohacek, 2017) . The study followed a previous experiment indicating that the marketing practice of expressing prices as discounts from standard unit rates, which vary between providers, makes it substantially harder for consumers looking for cheaper electricity to choose better-value offerings. The Commission for the Regulation of Utilities (CRU) 2 proposed and consulted on a regulatory requirement to include an estimated annual bill (EAB) in all advertising and marketing materials. The EAB is calculated for a consumer of average usage, as set by regulation, such that it is a directly comparable price across providers -similar to an APR on credit products. The experimental pre-test set out to determine whether it would influence how consumers perceived the value of offerings and whether they found it easier to choose cheaper electricity tariffs when the EAB was present. Figure 4 shows the results of one section of the study, in which a sample of consumers rated advertisements for value. The adverts corresponded to the offerings in the market from the four largest providers in Ireland at the time of the study. Four conditions were tested: (i) a control condition (No EAB) consisting of typical adverts prior to the regulation; (ii) a condition (EAB) in which the EAB was legibly displayed alongside other price information; (iii) a condition (EAB Large) in which the EAB was displayed with the same font size as other price information; (iv) a condition (EAB L + F) in which the EAB was displayed with the same font size as other price information and an explanatory footnote was shown. The providers are listed as A to D in decreasing order of their unit rates at the time. The results revealed that showing the EAB produced a large and statistically significant swing in favour of cheaper providers, which strengthened when the EAB was shown with the same font size as other price information.
FIGURE 4 PRE-TEST OF EAB INTERVENTION FOR RESIDENTIAL ELECTRICITY PACKAGES. ADVERTISEMENT RATINGS WERE SYSTEMATICALLY ALTERED IN FAVOUR OF THE MORE COMPETITIVE PROVIDERS WHEN THE EAB WAS DISPLAYED WITH THE SAME FONT SIZE AS OTHER PRICE INFORMATION ('EAB LARGE')
Source: Lunn and Bohacek (2017) .
Further tests within the same study showed that displaying the EAB increased the likelihood that consumers would choose the cheaper offering and improved consumers' ability to trade off price information against other product attributes accurately. Following this pre-test and the consultation period, CRU introduced the requirement for providers to provide the EAB in all marketing material.
This study was the first to pre-test a new regulation experimentally in Ireland. More laboratory pre-tests are currently being designed and undertaken in the BRU in relation to communication of information about telecommunications products, pensions, car finance, other credit products, calories on restaurant menus, and 
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Bord Gáis Electric Ireland Energia smart meters. Studies vary from pre-testing the contents of consumer advice webpages to testing the detail of regulations ahead of new legislation (the study on calorie posting, which is described further below). In addition to these laboratory pre-tests, the BRU is designing field trials and RCTs of interventions that aim to reduce nitrate pollution on Irish farms, to encourage action to remove any lead fixtures in domestic water piping, and to increase levels of physical activity among the socially disadvantaged.
Other examples in Ireland
Applications involving the use of behavioural science to pre-test policy are also under way on a smaller scale elsewhere within the public service. In 2017, SEAI established a behavioural economics unit with the intention of engaging in pretests of interventions. Work under way includes laboratory pre-tests designed to increase the effectiveness of the Building Energy Rating (BER) certificate, trials of an online calculator designed to assist consumers' understanding of electrical vehicles, and pre-tests of alternative webpages that aim to encourage the take-up of grants for energy efficiency upgrades. Some of the behavioural researchers at Revenue, whose work is described above, are members of IGEES. Other IGEES staff in central government departments are involved in various trials designed to improve the efficiency of administrative practice. Most of this work is at an earlier stage of development than the research undertaken in Revenue. It includes trials of behaviourally informed communications in employment centres and of letters to outpatients designed to improve the management of hospital waiting lists. This type of pre-testing is broadly similar to that undertaken by BIT in the UK, in terms of both scientific method and the sort of policy research questions addressed. The work is summarised in an IGEES paper (Purcell, 2016) .
Overall, it appears that the understanding of the potential benefits of pre-testing policy interventions is spreading within Irish policymaking. As in other countries, most work is designed to pre-test behaviourally informed improvements in the effectiveness of administrative communications. In the process, the behavioural science community is growing and lessons regarding behavioural levers that potentially work differently in Ireland to elsewhere are being learned. Some pretests are now being undertaken of larger policy interventions where behavioural experiments can be deployed. One notable feature, however, is that in Ireland, unlike most other countries, there is little central direction to this expansion of work. Experimental pre-tests are essentially being undertaken by departments and agencies within which individual officers and executives have become aware of the possibilities and have had the wherewithal to engage with this alternative approach to policy development.
EVOLVING METHODS: PROCESS TRACING
The methods used to pre-test policy interventions most frequently fall under the categories of RCTs, laboratory experiments or other field trials. Within each of these categories lies a range of techniques and methodologies that can be adapted to suit the research question and proposed design. These can include analysing consumers' preferences, testing the quality of individual decision-making, or recording the extent of desirable changes in behaviours. The type of study undertaken is dictated by the policy to be tested and the specifics of the research question. For example, a policymaker aiming to regulate marketing material in a specific domain may be interested in how consumers' preferences differ depending on the format of the information they are exposed to. Alternatively, a policymaker may consider mandating the inclusion of a warning label alongside marketing material and may therefore pre-test whether inclusion of this label increases the consistency of (and hence presumably reduces the confusion within) consumers' decisions. If behaviour change is the target of a policy then a pre-test to determine whether implementation of the policy really does change behaviour -as opposed to the intention or motivation to change -in either a field trial or a laboratory setting will be the most useful technique.
While these are the most commonly used methods in pre-tests, they are not the only ones. There has been an increasing interest in recent years in 'process tracing', which refers to analyses of not just what decision individuals make but how they make it.
Process tracing methodologies include: verbal protocol analyses, in which experimental participants are asked to verbalise their thoughts as they make a decision; hand movement analyses, in which decision-makers' movements of a computer mouse are recorded while they make the decision; and eye tracking, in which decision-makers' eye movements are recorded. While all have been used in decision-making research, there is the possibility that if a technique involves awareness of the measurement or effort during the decision-making process it can change the decision itself (Glaholt and Reingold, 2011) . This is of particular relevance to methodologies that place additional demands on participants while they engage in a study. This may in part explain why there is a growing interest in the use of eye tracking as a measure in behavioural pre-tests. Eye tracking offers a non-invasive and unobtrusive means of assessing what consumers are looking at and, at least in part, attending to (Glaholt and Reingold, 2011) .
Modern eye-tracking equipment uses a combination of a near-infrared illuminator and a high-resolution camera to track eye movements, most often to assess where someone is looking on a screen. The illuminator shines near-infrared light into the centre of the eye, which causes a reflection on the cornea. The camera can then track the position of this reflection to estimate where a person is looking. Advances in the technology mean that modern eye-tracking equipment can take over 1,000 samples per second, so the estimations of gaze location are updated and precise. The data available from eye tracking include fixations, which are pauses in movement and thus show what someone has looked at and how many times they have looked at it, and saccades, which show movements themselves and thus can show the order in which someone looked at different pieces of information.
Eye tracking is becoming a widely used method in behavioural studies to assess whether information is attended to. It is predictive of choices and has been used to investigate when consumers look at what information. We briefly outline three international examples and one from Ireland.
Pictorial warning labels on tobacco products in the US
Recent research funded by the Food and Drug Administration (FDA) in the United States used eye tracking to assess (i) whether smokers attend to graphic pictorial warning labels (PWLs) on cigarette packaging and (ii) which of the FDA's proposed PWLs were most effective at capturing attention and memory (Lochbuehler et al., 2017) . Using eye tracking, it was shown that smokers' attention was drawn to the images more quickly than to text and that they spent longer looking at the images than the text. In a follow-up survey the research demonstrated that the warning messages from FDA PWLs that had a congruent text and pictorial warning were more likely to be remembered than the PWLs that had an incongruent text and pictorial warning. This research is to be used as support for the FDA policy in a lawsuit taken by tobacco companies against PWLs.
Country-of-origin labelling of meat in the EU
In 2015 European Union legislation required mandatory country-of-origin labelling within the EU for beef, pigs, sheep, goats, poultry, fruit and vegetables, olive oil, wine, eggs, honey and hops (Fraser et al., 2015) . As the list of products within the remit of this legislation grew, the Department for Environment, Food and Rural Affairs (DEFRA) in the UK noted a growing consumer demand for country-of-origin labelling on other products, as well as voluntary labelling by multiple retailers (Fraser et al., 2015) . DEFRA also noted that consumers expected such labelling to provide correct and not misleading information.
In light of this, and with the expectation that the country-of-origin labelling legislation would expand in future, DEFRA carried out research to identify and understand UK consumer preferences for labelling on a range of meat products, to ascertain values for different labelling requirements, and to check how attention to country-of-origin information is influenced by other information on packaging using eye tracking (Fraser et al., 2015) . Choice experiments conducted online were validated via a face-to-face eye-tracking study that measured consumers' attention to different aspects of labelling combined with their willingness to pay for products with the labelling. Results for the online and eye-tracking samples were consistent: UK country-of-origin labelling was valued positively, particularly for fresh/chilled/frozen meat compared to processed products. Deployment of eye tracking showed that price, product quality and country-of-origin labelling received comparable attention -more than organic and quality assurance labels. Additional attributes on packaging did not diminish attention paid to the labels or reduce willingness to pay. Neither did the presence of a flag indicating country of origin, overall, although it did draw attention to country-of-origin labelling when packaging was more complex. These pre-tests of possible combinations of labels are informing further policy development on country-of-origin food labelling.
Consumer protection in Colombia's communications market
In a collaboration with the OECD, the Colombia Communications Regulator used behavioural insights to inform the redesign of its regulatory regime to protect consumers, who were often paying for services that failed to meet expectations. Based on the results of 25 consumer psychology experiments, the OECD made four recommendations to the regulator that covered principles governing how information should be communicated to customers with respect to consumption, customer service (including complaints and issues), and information on bundled services (OECD, 2017b) . Following these studies the OECD recommended further pre-testing and analysis of the changes prior to implementation. One such test involved using eye tracking to trace the visual path that consumers took while reading a bill in order to assess how they attended to the information. Following implementation of the findings of all experiments, the new regime has overhauled the provision of information and steps for customer services to improve customer protection. One simplification was to change the contract provided to customers from a terms and conditions document that originally took 6 hours and 15 minutes to read to one that can be read in 12 minutes.
Calorie posting in Ireland
Eye tracking is becoming an increasingly popular tool in the arsenal of behavioural methodologies that can be used to pre-test consumer behaviour around policy interventions. In Ireland, the ESRI's BRU is currently using eye tracking to assess how consumers process calorie information on menus, whether the formatting of menus influences attention, and whether this in turn changes consumer behaviour. This is an experimental pre-test of a legislative proposal that is likely to affect thousands of businesses and almost all consumers at some point. In line with the argument of this paper, legislation to introduce calorie posting appears to be exactly the kind of substantial policy decision that experimental pre-testing has the potential to improve. Results of a first study are expected by autumn 2018.
There are of course some caveats to using eye tracking or other process-tracing methodologies. The first is whether it adds to the research question. In some situations eye tracking can provide valuable additional information about how consumers process information and this may be of key importance for the policy question at hand. In other cases, the 'whether' is more important than the 'how' and thus adding eye tracking to a study adds cost in terms of time (consumers can only be tested individually rather than in groups) and equipment without a comparative benefit. The second caveat is that while tracking eye movements has been shown to be indicative of attention and predictive of choice, it is also clear that someone can attend to something while not looking at it. For this reason eye tracking should always be used in conjunction with other behavioural techniques. With these caveats in mind, if the policy research question would benefit from understanding how consumers process information and how this influences behaviour, then eye tracking and other process-tracing techniques can be used to record additional information, support and validation for the research question, improving the pre-test of policy impact.
CONCLUSIONS
The rapid expansion of behavioural science research as a policy tool over the past 10 years is testament to the value of experiments. It is also, due to the willingness of individual officers and executives to admit uncertainty about a policy outcome and to embrace experiments, a way to resolve the uncertainty during the process of policy development. While uncertainty about an outcome can be threatening, it is also the environment in which an experimental approach thrives, given that an experiment tests a specific effect with all else being held constant. The fact that an experimental outcome is another unknown may be a risk, but it is one that has to be weighed against the risk of a policy intervention that has no effect or, worse, a detrimental one. Government budgets are finite and contentious, so an approach that helps to promote effective interventions and to avoid costly mistakes is rightly gaining traction.
The research described in this paper illustrates the breadth of methods that can be used as tools to pre-test policy interventions. We have divided these into three categories that summarise much of the ongoing work, but there are subdivisions within these that could be further unpicked. Field trials, most often in the form of RCTs, have been the most common type of behavioural intervention used for policy. The Behavioural Insights Team has been instrumental in illustrating the value of field RCTs to test different forms of communication that can inform best practice for existing policies in guiding consumer behaviour and better decision making. The research carried out by the Energy Demand Research Project successfully used field trials to pre-test the effectiveness of smart meters on reducing energy consumption across the UK. Historically, laboratory experiments have been a less commonly used tool in behavioural research for policymaking, but they are increasing in both number and impact.
Controlled laboratory experiments such as those carried out by Ofcom have been able to show in fine-grained detail where a broader policy may be effective in guiding consumer decision-making and where it may fail, giving an important insight into the other factors that a policymaker might need to consider when, for example, mandating changes to information or labelling. Triangulation of methods is an area that is rapidly expanding as the toolbox available to behavioural scientists and policymakers grows. Combinations of traditional data analyses and online, laboratory and field experiments, including RCTs, can be used to delve further into specific research questions, to hone policy questions and to validate findings that allow policymakers to be more certain about likely outcomes. In addition, the technological innovations that underpin process tracing now permit unobtrusive tracking of consumer decision-making in real time, such as through eye tracking, which provides further insight into how people process information and how this then guides behaviour.
These methodologies have been applied at all stages of the policy cycle, from research to design to implementation and evaluation. Yet there is an imbalance in this picture, with the vast majority being applied at the later stages of policy development. Within the subset applied to early policy development there is still only a minority of studies that seek to pre-test specific policy questions before implementation. This is perhaps inevitable given the success of early behavioural interventions to improve the administration of existing policies. There is also a lower risk involved in testing a small improvement to the implementation of a policy rather than a pre-test of the policy itself, which may have existing supporters and detractors. Such considerations must not mask the potential for the use of behavioural research to pre-test policies that are still in development. At present, high levels of expertise are sometimes being deployed to test relatively peripheral areas of policy which, while not unimportant, are not getting to the heart of what behavioural science can offer.
Much behavioural research for policy focuses on decision-making when consumers choose between products. This is natural given its foundations in economic decision-making and the progress that has been made in applying behavioural science to areas of financial decision-making that consumers typically find confusing and misleading. However, consumer decision-making is only one area that behavioural science can feed into. Given that many of the serious challenges faced by our communities, our countries and our planet are linked to specific forms of human behaviour, we have the potential to use behavioural insights to help find solutions in areas of pressing concern. These include over-and under-nutrition, physical activity, housing, education, inequality, parenting, medical services and the environment.
Beyond the understandable focus on decision-making, we can look at the context of people's behaviour, for example how specific environments may lead to feelings of inertia or to increased risk seeking, what behavioural barriers people face to accessing medical services, and how changes to early and late education can ease the way for better decision-making and healthier life choices. These are not simple problems and they will not have simple solutions, but this is where experimental research offers an advantage. More often than not, experiments can provide a clear answer as to which of a small number of options are most likely to lead to a desired effect, all else being equal. One experiment will not solve the most complex problems, but a series of experiments that test, reassess, test and reassess can start to clear a path through what was initially a forest of uncertainty.
These benefits can only be obtained if behavioural science is applied more broadly throughout the policy development process, rather than to test minor amendments to existing policies or their implementation. In particular, if the techniques of behavioural science are deployed at the earliest stages of policy development, to provide guidance in understanding of behaviour, to pre-test where there is uncertainty, it can provide policymakers with a stronger tool that gives a scientific foundation to the policy development process. The approach of course requires us to embrace uncertainty openly and to test our assumptions. Admitting uncertainty requires some courage, but the experimental method offers the promise of greater certainty and, ultimately, better policy.
